



















Microbial eukaryotes like amoebae have been and still are viewed as asexual organisms. 
However, current research suggests that some species of amoebae may participate in sexual-like, 
or “parasexual” activity. Such interactions are termed parasexual because the conventional stages 
seen during meiosis are not observed. Nevertheless, an exchange of genetic information, one of 
the principal characteristics of sexual activity, has been speculated to occur in some 
amoebozoans such as Cochliopodium. The reason and mechanism for this activity still remains 
unknown due to the complex and diverse parasexual life cycles in amoebozoans. In this 
investigation, the amoeba species Cochliopodium pentatrifurcatum was observed for a type of 
parasexual activity termed fusion, in which the plasma membrane and the nuclei of the cells 
come together, and then the subsequent activity termed fission, in which the fused amoeba, also 
known as plasmodium, splits apart into smaller individual cells. The mechanism for fission as 
well as the behavior of the cells post fission is poorly understood; hence, the focus of this 
investigation. In order to investigate post fusion activity, cells resulting from fission were used to 
grow monoclonal cultures, and these cultures were stained and “mixed” to determine if there is a 
trend in fusing frequency. In addition to this, we also investigated the existence of gametes in the 
form of small nuclear sized mini-cells. Currently, no “mating types” have been indicated 
in Cochliopodium pentatrifurcatum due to staining difficulties; however, fusion and fission have 





1.1 The Little Known Complexity of Amoeba 
Amoeba are classified as one of the major eukaryotic supergroups, Amoebozoa, a clade which 
includes a vast number of organisms that show great morphological diversity. The diversity of 
microbial eukaryotes creates difficulty with remaining up to date with the changes in microbial 
eukaryotes as they evolve over time (Archibald 2009; Parfrey et al. 2006). Until recently, 
amoeba, one of the most understudied microbial eukaryotes, have been thought to be asexual 
organisms (Yoshinori et al. 2012; Lahr et al. 2011; Pernin et al. 1992). This assumes that no 
production or fusion of gametes occurs during reproduction. However, several species of 
amoebae have been observed to partake in activity called fusion and fission, in which these 
observed behaviors may possibly lead to an exchange of genetic material (Tekle et al. 2014; 
Mignot & Raikov 1992; Grell 1990; Sargeaunt et al. 1988; Seravin & Goodkov 1984). Fusion is 
essentially for uninucleate cells to touch and fuse to form multinucleate cells. Fission is where 
this resultant fused “plasmodium” cell splits apart. Fusion can occur with the plasma membrane 
of multiple cells, which is known as plasmogamy, and also on the nuclear level, which is known 
as karyogamy (Figure 1; Tekle et al. 2014). Similarly, fission can also occur on both the plasma 
membrane and the nuclear level, which is termed as plasmotomy and karyotomy, respectively. 
When fusion, and more specifically karyogamy occurs, because there is the possibility for 
genetic exchange, this behavior might be implicated as similar to sexual reproduction as opposed 
to asexual reproduction where there is no known genetic mixing. The fusion and fission activity 
that some amoeba partake in hints at the possibility for sexual activity in amoeba across many 
different species. For instance, the previously studied amoebae, including Flabellula citata, 
Flabellula calkinsi, Telaepolella tubasferens, Flamella fluviatilis, Arcella vulgaris, and 
Cochliopodium pentatrifurcatum have been associated with fusion like behavior or are reported 
to have some covert sexual life cycle stages despite their differing sizes and characteristics 
(Cavalier-Smith et al. 2015; Lahr et al. 2012; Dyková et al.2008; Rolf, & Smirnov 1999; 
Frederick 1971). Thus, one can assume that perhaps amoeba are more sophisticated than once 
thought, and that they may have more complex patterns of mating than research has shown them 
to.  
 
Figure 1. Cartoon depicting fusion (uninucleate cells fusing to multinucleate cell) and fission 
(multinucleate cell splitting to become uninucleate cells). 
1.2 Fusion and Fission in Cochliopodium pentatrifurcatum 
In this investigation, the amoebae species Cochliopodium pentatrifurcatum was observed for 
both fusion and fission activity in an attempt to provide further evidence for sexual-like, or 
“parasexual” behavior in amoeba. Furthermore, post fission, experimentation was done with C. 
pentatrifurcatum cells to determine what occurs with cells that have recently undergone fission. 
There was question as to whether such cells have “mating types”, or in other words, a preference 
for the type of cell that they go on to fuse with after fission has occurred. Answers to these 
questions could provide evidence for a specific type of sexual behavior in amoeba where not 
only do amoeba cells behave sexually by exchanging genetic information during fusion, but they 
also have a preference for the cells that they fuse with.  
Cochliopodium pentatrifurcatum is a species of amoeba belonging to a clade Himatismenida 
(Tekle et al. 2013). This amoeba is known for growing quickly and healthily with minimal 
upkeep. Furthermore, cells in C. pentatrifurcatum cultures have been noted to frequently 
undergo fusion activity, making this amoeba species especially of interest for this investigation 
(Tekle et al. 2013, 2014). For these reasons, C. pentatrifurcatum was chosen to be the primary 
amoeba under study in this project.  
 
Materials and Methods 
1.1 Culturing 
C. pentatrifurcatum cells were grown in bottled natural spring water (Deer Park® Nestlé Corp. 
Glendale, CA) with 2 to 3 rice grains per petri dish, or on ATCC agar. Cells were washed at least 
once a week and subcultured as necessary, or when cells became crowded in the petri dish. 
Images of live cultures were taken using AxioVision 40 Version 4.8.2.0 Software. 
 
1.2 Immunocytochemistry  
Cells were stained for cell mask (plasma membrane staining) and 4’, 6-diamidino-2-phenylindole 
(DAPI), which was used for nuclear staining. Cells were fixed in methanol and then washed with 
phosphate buffer saline (PBS). 500 µl of bovine serum albumin (BSA) was added to the cells, 
then the cells were given 15 minutes of incubation time. The primary antibody was diluted 
1:8000 in PBS. Cells incubated for 5 minutes in 500 µl of the primary antibody, and then were 
washed with PBS. Following this, DAPI was diluted 1:1500 in PBS. Cells stained for 5 minutes 
in the DAPI dilution and were then washed with PBS. Samples were mounted using a single 
drop of Fluoromount-G. Slides were viewed using Zeiss LSM 700 Inverted Confocal Microscope 
(Carl Zeiss MicroImaging, Gottingen, Germany) as well as the Zen 2009 (Carl Zeiss v5.5, Heidelberg, 
Germany) imaging software.  
 
1.3 Mating Type Experimentation 
For mating type experimentation, C. pentatrifucatum cells were grown in petri dishes as 
described above until plasmodium (fused) cells began to form. Plasmodium cells were picked 
individually using the mouth pipetting technique, and then placed into a petri dish with each petri 
dish containing one plasmodium cell, a grain of rice, and Deer Park spring water. The 
plasmodium cell was then given time to undergo fission, and each cell resulting from fission was 
placed in its own petri dish with Deer Park Spring water and 1-2 grains of rice. These cells were 
called “mated cells”. Mated cells were then given time to divide and establish their own 
monoclonal cultures. Each monoclonal culture of mated cells was dyed a differing color using 
Thermo Fisher Scientific CellTracker dyes. One monoclonal culture of mated cells was dyed 
using CellTracker Red CMTPX Dye, while the other monoclonal culture was dyed using 
CellTracker Green CMFDA dye. The stained monoclonal cultures were then given time for 
growth. Three dishes of stained cells were created. One petri dish with only red stained cells, a 
second petri dish with only green stained cells, and a third petri dish with a mixture of red and 
green stained cells. The cells in the petri dish with red and green stained cells was created by 
subculturing cells from the red dyed dish and the green dyed dish into a third petri dish. The cells 
in each petri dish were observed for fusion activity to see if cells preferred to fuse with cells of 
the same color, cells of a different color, or if there was no preference. Imaging of stained cells 
was done using EVOS FL Auto microscopy (Thermo Fisher Scientific). 
 
Results 
1.1 Evidence of Fusion and Fission in C. pentatrifurcatum 
Based on data provided with light microscopy and immunocytochemistry imaging, C. 
pentatrifurcatum has been confirmed to undergo both fusion and fission activity. Typical C. 
pentatrifurcatum cells are generally a similar size (28 µm on average) and also behaved similarly 
throughout observation (Figure 2). When floating, the cells have pseudopod-like structures that 
protrude from the cell body. These structures are not visible when the cell is attached to a 
surface.  Instead, a thin hyaloplasm can be seen surrounding the cells.  
 
 
Figure 2. Image of typical cells from a C. pentatrifurcatum culture. 
 28.56 µm
Typical C. pentatrifurcatum cells are generally around 28 micrometers. However, one of the 
depicted cells is nearly 80 micrometers (Figure 3). Because this is far beyond the typical size of a 
mature C. pentatrifurcatum cell, this provides possible evidence for fusion. Furthermore, there is 
another enlarged cell from a C. pentatrifurcatum culture measuring almost 70 micrometers 
(Figure 4). Once again, this is beyond the expected size of a typical C. pentatrifurcatum cell. 
Additionally, the morphology of the abnormally sized cell can also indicate future fission activity 
(Figure 4). This is able to be determined by the “stretched” appearance of the cell. When under 
observation, prior to fission, cells often had a thin center and literally began to stretch. This 
activity was able to be observed under the microscope.  
 
 




Figure 4. Image of a fused Cochliopodium pentatrifurcatum cell showing some fission 
activity.  
Once fusion and fission activity was seemingly observed through light microscopy, to verify the 
occurrence of fusion and fission in the cells, immunocytochemistry techniques were used. Both 
DAPI and cell mask staining confirmed the presence of fusion and fission activity (Figure 5 a,b). 
Fusion is observed as the stained cells contain several nuclei and the plasma membrane clearly 
begins to fuse as well (Figure 5c). Initially up to 4 separate cells can be noted by the separation 
between the cells formed by the plasma membrane. Over time however, only one large 
plasmodium cell is seen, providing evidence for plasmogamy (Figure 5a-c).  
 
Figure 5. Immunocytochemistry images of the stages of multiple cells as they fuse and 
subsequently begin fission activity. Microtubulin (green), plasma membrane (pink-red), 
and nuclear (DAPI) staining are shown. 
Karyotomy is seen as the cell contains many nuclei (colored in blue) with many of the nuclei 
unable to be clearly differentiated from the next. Furthermore, fission is depicted as the 
previously described stretching activity is clearly seen in the cell (Figure 5d). In addition, the 
blue nuclei seem to randomly mix and disperse as fission occurs, again showing possible 
evidence of sexual-like, or parasexual activity in the C. pentatrifurcatum cells.  
 
1.2 Plasmid-Like Structures during Fusion 
A plasmid is a circular strand of DNA that is able to replicate (Milan et al. 2014). When using 
confocal microscopy to observe a fusing cell of an unidentified Cochliopodium species, plasmid-
like structures were noted that seem to travel towards and eventually fuse with the nucleus of 
another cell (Figure 6). The cell was observed to be seemingly floating in the culture medium 
among the cells. The plasma membrane of the cell (Red) was often no larger than the nucleus of 
the cell (Blue) 
 
Figure 6. Image of plasmid-like structure in Cochliopodium culture. Red - plasma membrane. 
Blue – DNA.  
Many of the plasmid-like cells were found near other cells on the slide, and seemingly travelling 
towards the other cells. The structure would initially be seen floating, later approach the cell, and 
then come into contact with the plasma membrane of the cell. Finally, the plasmid-like structure 
would incorporate itself into the cell and even seemingly fuse with the cell at times (Figure 7). 
This pattern was seen repeatedly on the slides, indicating that this is likely a normal occurrence 
in this species of Cochliopodium. These cells typically had a nucleus size that was half the size 
of a normal nucleus, making it appear to be haploid in size. For this reason, these cells were 
named “gametic cells”. 
       
Figure 7. Image of gametic cell floating within the cell medium (a), coming into contact with 
other cells (b), and incorporating itself into other cells (c). Arrows show the position of gametic 
cells.  
 
1.3 Evidence of Mating Types 
After fusion and fission activity was confirmed in C. pentatrifurcatum cells, mating 
experimentation was done to gain more information on when and how the cells fuse and 
subsequently split apart. Normal C. pentatrifurcatum cells dyed with the CellTracker red dye, 
and CellTracker green dye are depicted (Figure 8). As shown, especially in the green stained 
cells, fusion continued to take place after cell dying occurred, and fused cells were able to be 
observed and compared to non-fused cells.  
a b c
  
Figure 8. Images of C. pentatrifurcatum cells after being stained with CellTracker green dye 
and CellTracker red dye. 
After staining each monoclonal culture, the next step was to mix the stained cells to create a 
petri dish with both red and green stained cells (Figure 8). Yellow cells in the petri dish 
represent the potential coloring of plasmodium cells resulting from the fusion of a red and a 
green cell. The rate of fusion was to be compared amongst the petri dish with red cells, the 
petri dish with green cells, and the petri dish with both red and green cells.  
 
Figure 8. Cartoon of each petri dish condition for comparisons of the fusion frequency 
amongst stained cells showing the outcome of CellTracker mixing experimentation. 
Due to difficulties with staining, stained cells were unable to be mixed and the frequency of 
fusion amongst the differently stained cells was thus not tracked. In most cases, the cells died 
a b
during the CellTracker staining procedure. Various concentrations of stock solution and 
different incubation times were used in an attempt to obtain successful staining and mixing 
results (Table 1). After several trials, once the concentration of both red and green dye was 
increased to 12 µl in 900 µl dimethyl sulfoxide (DMSO), and the incubation time was 
increased to 1 hour and 20 minutes, the cells were able to be decently stained. Nevertheless, 
once these stained cells were used in mixing experimentation, the cells once again died. Due 
to a shortage of time for further experimentation, results on the rate of fusion amongst the 
stained cells were not able to be obtained. 
 




Incubation Time Results 






15 mins at 37°C All cells dead 
3/17/16 0.5 µl in 999.5µl 
DMSO 
 
0.5µl in 999.5µl 
DMSO 
 
15 mins at 37°C Cells alive but unstained 
3/23/16 2.5 µl in 999.5µl 
DMSO 
 
2 µl in 999.5µl 
DMSO 
 
15 minutes at 
37°C 
Cells alive but unstained 
3/24/16 3 µl in 999.5µl 
DMSO 
 
3 µl in 999.5µl 
DMSO 
 
20 minutes at 
room 
temperature 
Some cells alive and very 
faintly stained 
3/29/16 6 µl in 999 µl DMSO 
 
3 µl in 999 µl 
DMSO 
 
20 minutes at 
room 
temperature 
Cells alive and faintly stained 
3/30/16 10 µl in 900 µl 
DMSO 
 
10 µl in 900 µl 
DMSO 
 
1 hour at room 
temperature 
Cells alive and stained better 
than 3/29/16 
3/31/16 12 µl in 900 µl 
DMSO 
 
12 µl in 900 µl 
DMSO 
 
1 hour and 20 
minutes at room 
temperature 
Cells visibly stained and alive 
4/1/16 12 µl in 900 µl 
DMSO 
 
12 µl in 900 µl 
DMSO 
 
2 hours at room 
temperature 












All cells in “mixed” petri dish 
dead 
Table 1. Various concentrations and incubation times used throughout experimentation. 
 
Discussion 
1.1 Fusion and Fission in C. pentatrifurcatum 
The light microscopy and immunocytochemistry work done with the C. pentatrifurcatum verifies 
that this species of Cochliopodium does partake in parasexual activity. It is clear that the cells 
combine through plasmogamy and karyogamy, and then split apart through fission (Tekle et al. 
2014). Nevertheless, questions still remain as to how the cells split after fusion takes place since 
the DNA material does not always seem to split evenly during fission. At times, only two cells 
result from fission of a plasmodium cell, while several smaller cells may result during other 
instances of fission. This aspect of fission will be further explored in future investigations.  
 
In addition to continuing experimentation to determine the cell mechanism for fission, more 
species of amoeba will be observed for this fusion and fission activity as well. For this 
investigation, initially, the species Telaepolella tubasferens, Arcella vulgaris, Flabellula calkinsi, 
and Flabellula citata were also cultured and observed for fusion and fission activity. However, 
these species either presented difficulties with culturing, or did not demonstrate parasexual 
behavior. Telaepolella tubasferens grew nicely, but was unable to be prepared for imaging due to 
the fragility of the cells (Lahr et al. 2012). Arcella vulgaris was difficult to grow and also did not 
show fusion or fission activity during culturing (Mignot & Raikov 1992). Flabellula calkinsi and 
Flabellula citata both grew well, but were unable to be stained due to fungal contamination 
(Dyková et al. 2008; Page 1971). Moving forward, culturing and immunocytochemistry staining 
will be reattempted with these species of amoeba among others to provide evidence for fusion 
and fission in amoeba outside of the Cochliopodium genus.   
 
1.2 New Mechanism for Fusion 
Evidence of gametic cells floating in the culture medium and interacting with other cells in the 
environment rose questions as to how these cells were created. This observation might likely 
indicate that these cells were the result of nuclear fission of a diploid cell (Figure 9). The nucleus 
could split through a meiosis like process, and thus create a haploid gametic cell. These resultant 
cells could then either fuse with another diploid cell to create a polyploidy cell, or fuse with 
another gametic cell to create a diploid cell. Although we are currently uncertain of the 
mechanism behind the creation of these gametic cells, this observation demonstrates that fusion 
and fission activity likely happens in many different ways amongst C. pentatrifurcatum cells.  
 
Figure 9. A model showing alternate mechanisms for fusion based on gametic cells.  
1.3 Future Directions for Mating Experimentation 
Cells from experimentation using CellTracker dyes, likely died due to the high concentration of 
dye needed for staining (Meijering et al. 2009). CellTracker dyes are not designed specifically 
for amoeba, so optimal staining dilutions must be discovered through trial and error. In the 
future, because staining with CellTracker dye has not been the most successful route, 
transfection will likely be used in lieu of the dyes. Transfection allows DNA to be introduced 
into a cell (Chalfie and Douglas 2000). This method is often used to track the movement of 
cancer cells (Voura et al. 2004). For this investigation, DNA such as that in the form of a green 
fluorescent protein will likely be most useful. The cells will still be able to be tracked via color; 
however, the cells will likely have a higher chance of survival due to less chemical exposure.  
 
Conclusions 
Cochliopodium pentatrifurcatum has been confirmed to regularly engage in both fusion and 
fission activity. These results demonstrate that some species of amoeba such as those in the 
genus Cochliopodium engage in parasexual activity and thus are an exception from asexually 
reproducing amoeba. The small gametic cells shown in the unidentified Cochliopodium species 
may provide evidence that the nuclei of Cochliopodium cells form haploid gamete-like structures 
that fuse with the nuclei of other cells. This is likely a mechanism used by Cochliopodium cells 
to engage in the aforementioned parasexual behavior. Currently, evidence of mating preferences 
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